SUMMARY: A total of 142 samples of different sea foods, mostly fish, were procured from the near-by supermarkets to examine the edible parts for the presence of Clostridium botulinum. Eleven samples (7.70) seemed to contain this organism. Of these samples, we identified the toxin type in seven; six were type C and the other one type D. Isolation of C. botulinum type C was successful from the six samples but that of type D failed.
INTRODUCTION
Fish is one of the main causes of human botulism, particularly that due to type E toxin. Fish often carry spores of Clostridium botulinum type E and also other types (Hobbs, 1976) . The spores have often been detected in the gastrointestinal contents rather than in the muscles (Bott et al., 1966; Craig, Hayes and Pilcher, 1968) . In Japan, extensive surveys of fish for C. botulinum have been conducted in the northern parts and spores of type E with high incidence have been detected (Kanzawa et al., 1970; Kodama, 1970) .
To evaluate the potential health hazard of fish and other sea foods sold at retail shops in Osaka situated in the central part of Japan, surveys for C. botulinum were attempted. We examined only edible parts and found C. botulinum types C and D exclusively. The implications of the findings will be discussed.
MATERIALS AND METHODS

Procurement o f samples:
Fishes and sea foods were procured from the near-by two supermarkets in Sakai. Some large fishes were eviscerated and dressed and other small fishes were not treated; all were repacked in small plastic trays for sale. A total of 142 samples, ifl at a time, were procured during the period from August to November, 1978. 
RESULTS
A total of 142 different sea foods were examined (Table I ). This table indicates also the frequency of contamination of each variety of fish and other samples with C, botulinum. The highest contamination was detected in flat fish (28.6%), followed by rainbow trout (25.0%), sillaginoid (25.0%), yellow tail (20.0%), shrimp (8.3%), sardine (5.0%), mackerel (4.3%) and others (11.1%).
The details of samples from which botulinum toxin was detected and C. botulinum isolated are tabulated in Table II . Of the 142 samples, mouse lethal toxin was detected in 11 samples, of which seven were typed. In the remaining samples, we failed to type the toxin due to disappearance of the small quantities of toxin during refrigerated storage. Of the seven typed samples, one contained type D and the remaining six type C toxin. From all six samples containing type C toxin, we succeeded in isolating C. botulinum type C in pure culture, but failed to isolate the type D strain.
The effect of heat treatment and time of incubation on the detection of botulinum toxin is also mentioned in Table II . Most samples proved their toxicity in 5 days of incubation, and two in 10 days. Of the samples in which whereas Nos. 7, 9, and 10 only after transferring them to CaCO3-FCM medium.
In fish homogenate cultures of samples Nos. 65, 67, and 104, toxicity was much higher than that in those of the other samples.
DISCUSSION
It was found that sea foods sold at supermarkets in Sakai City were contaminated at high frequency with C. botulinum type C or D, of which type C was dominant. Detection of C. botulinum types C and D in fish and shellfish has occasionally been reported (Bulatova et al., 1973; Eklund and Poysky, 1967; Mortojudo et al., 1973; Cann, Taylor and Hobbs, 1975; Ward et al., 1967 a,b,c) . We did not detect any other type than types C and D in the present investigation. A certain part of fish consumed in the Osaka area come from Osaka Bay and Seto Inland Sea. It was considered that these sea areas might be heavily contaminated with types C and perhaps D spores, since the river beds in the Osaka area are densely polluted with type C and D spores (unpublished data).
The exact way in which C. botulinum spores reach fish muscles, however, requires further investigation.
It is generally considered that C. botulinum type C is not hazardous for humans. Nevertheless, human cases of type C botulism have been reported in U.S.A. (Meyer et al., 1953) , France (Prevot et al., 1955) , and U.S.S.R. (Matveev et al., 1967) , and it may be unwise from the public health standpoint to ignor C. botulinum types C and D as harmless to humans.
More important implication of the present finding is that C. botulinum type C is pathogenic to fowls including broiler chickens (Haagsma, 1977; Page and Fletcher, 1974; Roberts, 1973) . Fish meal is commonly used as poultry feed. If any spores are present in fish meal, they may multiply in the fowl intestines, and accumulate in soil and eventually in the sea. It seems necessary to pay more attention to fish meal used for poulty industry.
The procedure of incubating fish homogenate (1:1) in test tubes can be recommended to test fish for the presence of C. botulinum, since heat-treatment and repeated samplings for testing toxicity can be done so conveniently. It appeared that incubation of fish homogenate for 5 days, when it is putrefied and liquefied, is enough to detect the toxin in most samples, but incubation up to 10 days gave more positive results. The failure in detecting no other types than types C and D in fish may not have been due to the defect of the procedure, but may reflect the characteristic geographical type distribution of C, botulinum (Carroll et al., 1966; Ward et al., 1967a,b,c) . Although fish homogenate proved to serve as an excellent enrichment medium for C. botulinum types A through F, it is not known whether homogenate of any kind of sea food, e.g., squid, octopus, oyster and other shellfish, provides such a good enrichment medium without any supplement as did cod and flat fish homogenate.
Isolation of C. botulinum type C from fish was much easier than from other samples such as soil. In many cases, all colonies that developed on an egg-yolk agar plate showing distinct pearly layers and moderate egg-yolk reactions proved to be C. botulinum type C. This may indicate that the normal microbial flora of fish comprises very few spore-bearing anaerobes and that putrefying fish muscles are free from competetive organisms. Thus, fish homogenate provides an excellent enrichment medium for C. botulinum type C.
